ABSTRACT We examined whether exercise testing with measurement of cardiac output during maximal exercise can provide additional prognostic information for medically treated patients in whom left ventricular function and extent of coronary artery disease are known. We followed 1034 patients with normal or mildly impaired left ventricular function; 410 of these patients (group 1) had singlevessel disease, 316 had double-vessel disease (group 2), and 308 had triple-vessel disease (group 3). In addition, 204 patients with double-or triple-vessel disease and moderately impaired left ventricular function (group 4) were followed. Mean follow-up in these 1238 patients was 4.5 years. End point of follow-up was death. Groups 1, 2, and 3 were divided into terciles according to the maximally achieved values of the following exercise variables: exercise tolerance, angina-free exercise tolerance, maximal heart rate, and cardiac output during maximal exercise. Group 4 was divided into halves accordingly. Survival curves (according to the method of Cutler and Ederer) for group 2 showed a 15% difference in 5 year survival rate between the highest and lowest terciles (p < .005) by use of the noninvasive variables exercise tolerance, angina-free exercise tolerance, and maximal heart rate (95% vs 80%). The separation into terciles according to cardiac output during maximal exercise resulted in a significant difference in survival rates between the highest and lowest terciles (halves) in all groups of patients. The differences in 5 year survival rates were 9% (p < .05), 16% (p < .05), and 19% (p < .005) for groups 1, 2, and 3, respectively, and 22% for group 4 (p < .005). We conclude that noninvasive exercise parameters can separate high-and low-risk subgroups of patients with double-vessel disease and good left ventricular function. Determination of maximal cardiac output allowed identification of low-and high-risk subgroups in all four angiographically defined groups. Circulation 68, No. 5, 979-985, 1983. RETROSPECTIVE AND PROSPECTIVE studies have shown that the extent of coronary artery disease and left ventricular dysfunction are important factors determining the prognosis of patients with coronary artery disease.'-' Also, the results of exercise testing correlate with the subsequent development of coronary events in a normal population,8 in patients in the chronic phase of coronary artery disease,9 and in patients after myocardial infarction.''4 The correlation of the results of exercise testing with subsequent cardiac events has been related to the fact that exercise tests are more often positive in patients with multivessel disease," and patients with multivessel disease are more 
Mean age at angiography (yr ± I SD) 49.9 -6 Mean follow-up after angiography in yr (range) 4.5 (3) (4) (5) (6) (7) (90%) and with the Judkins technique in the remainder. Sublingual nitroglycerin was usually given before angiography. The right and left coronary system were visualized in sufficient projections to delineate the morphologic characteristics of the entire coronary system. Angled caudocranial views were used routinely.
Lesions in the coronary arteries were analyzed by measuring the reduction in luminal diameter with an optical gauge in reference to the size of the artery just proximal to the obstruction. A luminal diameter reduction of more than 50% was considered significant.
Left ventricular angiography. Left ventricular angiography
was performed in the right anterior oblique projection (30 degree) at 50 frames/sec in all patients. The left ventricle was divided into five segments according to American Heart Association recommendations. 15 The systolic contraction pattern of each of the five segments was numerically scored: 1 = normal, 2 = mildly hypokinetic, 3 = severely hypokinetic, 4 = akinetic, and 5 = dyskinetic. The left ventricular score is the sum of the points of these five segments.
The left ventricle was considered to be normal when there was only mild hypokinesia in one segment (score 5 to 6). Left ventricular function was considered mildly impaired when there was akinesia in one segment and mild hypokinesia in a second segment (score 7 to 9). Moderately impaired left ventricular function was present when there was at least akinesia in one segment and severe hypokinesia or akinesia in a second segment (score 10 to 14) . Patients cise tolerance of the individual patient. The work load was increased by 25 or 50 W every 6 min until fatigue, severe angina pectoris, more than 0.3 mV ST segment depression occurred, or 80% of the age-predicted maximal heart rate was reached.
Pulmonary artery pressure was recorded throughout exercise, and pulmonary capillary wedge pressure was measured in a relative steady state after 4 to 5 min on each exercise level. The oxygen saturation in the central pulmonary artery was determined in patients at rest and after 6 min on each exercise level. Arterial oxygen saturation was determined from the hyperemic earlobe. Cardiac output was determined in patients at rest and in a relative steady state after 6 min on each exercise level with Fick's principle.
Because oxygen consumption for a given work load shows very little variation with supine bicycle ergometry,'6 16a, 16b oxygen consumption was not measured but taken from a table of previously established normal values for age, sex, and external work load.'6 Although measurement of oxygen uptake might have been more accurate, this is difficult to accomplish in clinical routine work; it also makes it more difficult for the patient to relate the development of discomfort or chest pain to the physician supervising the exercise test.
The following variables were analyzed: age of the patient, heart size (mI/M2 body surface area), exercise tolerance in watts, angina-free exercise tolerance in watts, peak heart rate during exercise, peak systolic blood pressure, the peak heart rate-blood pressure product, occurrence and severity of angina pectoris (scale of 0 to 3), occurrence tients. It was 72 ± 11% in patients with normal left ventricular function (score 5 to 6), 59 + 12% in patients with mildly impaired left ventricular function (score 7 to 9), and 47 ± 1 1% in patients with moderately impaired left ventricular function (score 10 to 14). The survival curves in the four groups analyzed are shown in figure 3 .
The previously seen trend to less favorable survival rates for patients with more severe disease is seen again, but the difference in rates between patients with single-and triple-vessel disease (groups 1 and 3) is slightly less after patients with severe left ventricular dysfunction have been excluded. The difference in survival rates among the four groups remains highly significant (p < .0001).
We examined the prognostic importance of the noninvasive and invasive exercise parameters in these four groups. According to the distribution of each exercise variable, the patients in groups 1, 2, and 3 were divid- ASurvival rates are ± SD. Groups 1-3 were divided into terciles and group 4 was divided in half as determined by noninvasive exercise parameters and maximal cardiac output. Separation into two or three equal-sized groups was based on the cut points of the exercise variables.
All p values refer to the differences of the survival curves of the terciles or halves in the corresponding groups rather than only to the 5 year survival rates shown in this table: *p < .05; tp < .005.
obtained during exercise testing, a significant difference in survival rates becomes evident in all four groups between those in the lowest and the highest tercile (groups 1, 2, and 3) or half (group 4), respectively.
Discussion
The classification of patients with coronary artery disease into subgroups according to the number of vessels diseased' has gained wide acceptance despite its limitations. Several authors have developed a scor- ing system that can give a more precise picture of the extent of coronary artery disease2'-23 in a given patient or in groups of patients.
Despite the theoretical advantage of a more precise classification with one of these scoring systems, the simple original classification of patients into groups with single-, double-, and triple-vessel disease has been used in most of the major studies such as the Veterans Administration study,6 the European Coronary Surgery Study,24 and in the Coronary Artery Surgery Study (CASS) registry. 7 The evaluation of left ventricular function in our study was subjective, i.e., it was done by visual inspection of the segmental wall motion in the right anterior oblique projection. Our method is very similar to the method used in the CASS registry.7 The data from the CASS registry show that subjective evaluation of left ventricular function from left ventricular angiography predicts late survival as well as the ejection fraction.
Other studies have suggested that the left ventricular ejection fraction is the most important determinant of survival in patients with coronary artery disease.5 24 However, ejection fraction cannot be determined in all patients because of the frequent occurrence of premature ventricular contractions during left ventricular angiography. Hammermeister et al.5 and Vlietstra et al. 24a had to exclude between 28% and 45% of their patients from analysis because ejection fraction was not or could not be determined. In the CASS registry, 30% of patients with a left ventricular score had no ejection fraction recorded.7 Therefore, grading of left ventricular function according to a scoring system based on segmental wall motion appears to be a valid alternative to the determination of ejection fraction. The 5 year survival rates of our groups 1, 2, and 3 are similar to those reported in the CASS registry for patients with comparable left ventricular function; the 5 groups. In patients in group 3 and 4 maximal cardiac output was able to identify patients with a markedly impaired prognosis. The difference in survival rates between the high-and low-risk groups was almost twice as large as the difference in survival rates between patients with single-and triple-vessel disease.
Thus exercise testing is not only a means to quantitate the limitation of exercise capacity, but in conjunction with the angiographic findings it provides additional prognostic information. The power of exercise testing to differentiate between high-and low-risk subgroups is similar to that of coronary angiography. Both tests, coronary angiography and exercise testing, provide complementary information, and exercise testing should not be considered redundant even if performed after coronary angiography.
